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Abstract

Sucrose may be substituted with galactose in Murashige-Skoog medium for
the growth of Vinca rosea callus cells, and V. rosea cells were able to utilize
galactose as efficiently as sucrose. However, the growth of crown gall tumor
cells (transformed by Agrobacterium tumefaciens) was 4-fold greater than that
of normal cells (after 16 days at 25°C). ]

Since both normal and crown gall tumor cells grow on galactose, a point
is raised whether genetic transformations in higher plants are actually due to:
(2) the expression of bacterial genes in plant cells; (b) fortuitous cloning
brought about by positive selection procedures; or (¢) expression of an adaptive
gene in plants analogous to newly generated secondary g-galactosidase in
bacteria, '

Introduction

Plant cells are normally grown in culture media containing glucose, fructose,
or sucrose with the latter carbon source being the most commonly used (Street,
1966; Yeoman, 1973). Other sugars, particularly galactose, have not been used
for culturing plant cells because they are not metabolized or are extremely
toxic to plants (Stenlid, 1959; Malca et al., 1967; Faludi ef al., 1963; Hoffmann
et al., 1971; Goring et al., 1968; Roberts ef al., 1971; Hoffmannowa, 1964).
Recently, plant tissue cultures have been reported to be apparently genctically
transformed by bacterial DNA and bacterial DNA mediated through phages
(Doy et al., 1973; Johnson et al., 1973; Hess, 1972). These transformed cells
are able to utilize either galactose or lactose. The utilizatioﬁ of apparently‘
unusable or toxic sugars such as galactose or lactose through genetic trans-
formation of plant cells with foreign DNA was of particular “interest to us.
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since recent reports have suggested the presence of Agrobacterium tumefaciens
DNA in cultured crown gall tumor cells (Kado, 1976).

We wondered, therefore, whether bacterial genes for utilizing these sugars
are present in crown gall tumor cells and not in normal cells. If so, only
tumor cells should be able to grow on media containing galactose.  We found,
however, that both normal and tumor cells of V. rosea grew as well on media
containing galactose as on media containing sucrose. In surveying the earlier
works on plant tissue culture, we found a few exceptions in which tissue
culture explants from plants such as cucumber (Cucumis sativus), redwood
(Sequoia sembervirens), sugar maple (Acer sacchrum), and carrots (Daucus
carota) were able to grow to a limited extent on media containing lactose or
galactose (Goring ef al., 1968; Ball, 1955; Mathes ef al., 1971; Gautheret, 1945).

Materials and Methods

Vinca rosea cell culture clones were kindly provided originally from Dr.
Armin ‘C. Braun, Rockefeller University, New York, and from Dr. Robert
Manasse, Boyce Thompson Institute, New York. Uncloned stem cultures were
also prepared in our laboratory. All callus cultures were grown on synthetic
and defined agar medium of Murashige and Skoog (1962) substituting sucrose
with' the experimental carbon source. These cultures were syétematically .
checked for bacterial contamination in broth medium 523 (Kado ef al., 1972).
No bacterial contamination occurred at any point in the experiments. All
cultures were grown in the dark at 25°C unless specified otherwise. Crystalline
D-galactose and - D-galactose-1-*C -were purchased from Sigma Chemical
Company, St. Louis, Missouri and Amersham/Searle Corporation Arlington
Heights, Ilhn01s, respectively. Both lots of galactose were checked for purxty
by paper  chromatography. Three chromatographrc solvents were used: (1)
n~butanol : acetic acid: water (4:1:5, v/v/v (2) isopropanol : pyridine : Water
acetic acid (8:8:4:1, v/v/v/v); and (3) n—butanol ‘ethanol ; water, (10:1:2,
v/v/v). Galactose was extracted from agar medlum before and after autoclav-
ing. No deterioration or alterations of extracted galactose were detected. N

Growth studies were conducted by transferring approximately lg fresh
weight of V. rosea tissues to medium containing various concentrations of
galactose. Unless otherwise specified, all mother cultures of V. rosea had been
maintained for at least 6 transfers on media containing the experimental sugar
to eliminate the possibility of residual srrcrose that could remain in the initial
transfer. For uptake and utilization studies, preweighed callus tissues were
frozen and homogenized in a mortar with 10% trichloroacetic acid.  The
precipitates were washed with 952 ethanol and the radioactivity was measured.
as before (Kado ef al., 1972). This approach is resonable because.it has:been
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shown that definitive growth studies can be made by determining the dry
or wet weights of tissues since such weights are proportional to each other
(Hildebrandt and Riker, 1949), We measured growth by taking fresh weight
measurements and expressed the amount of growth as the percent increase in
weight from time zero.

Results and Discussion

Growth of both normal and tumor tissues on galactose containing medium
is demonstrated in Fig. 1. The growth of tumor cells after 16 days was 4-
fold greater than that of normal cell lines. The rate of increase in wet
weight of tumor cells was about 3027 per day compared to 7% per day for
normal cells. These data suggest that galactose was metabolized as efficiently
as sucrose, also no toxic effects of galactose were seen (macroscopically or
microscopically). Furthermore, the concentration of galactose was not
limiting within the ranges used (Fig. 2). This showes again that galactose
can be metaholized and is responsible for growth. Fig. 3 shows that ¥C-
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Fig. 1. Growth of normal and crown gall tumor tissues of Vince rosea at 25°C
as a function of time (days) on synthetic~-124 agar medium (Murashige
and Skoog, 1962) containing either 12 sucrose (suc) (dash lines) or
1% galactose (gal) (solid lines), Each point represents the average of
6 determinations, VBg=crown gall tumor tissue; NVM =normal tissue
from Robert Manasse, Boyce Thompson Institute, Yonkers, New York;
NV=normal tissue from Armin Braun, Rockefeller University, New
York; NVK=normal tissue (our line at Davis).
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Fig, 2. Growth of normal and crown gall tumor: tissues. of Vinca roseq. as.a
function. of .D-galactose concentration, Each point represents the
average of 4 determinations taken after 20 days growth at 25°C. Tissue
designations are the same as in Fig, 1.
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Fig. 3. Uptake of D-galactose-1-1*C by normal and crown gall tumor tissues
of Vinca rosed as a function of time {(days). Tissue samples were
allowed to grow at 25°C on synthetic 1% agar medium (Murashige and
Skoog,-1962) (without sucrose) containing 130 mp Ci/ml. of  D-galactose~
- 1514C- (59 mCi/mmol) -and Q.59 - galactose. - At various: times, tissue
:gamples” were ; removed from the marginal meristematic regions as per
Ball (1955), - weighed, and’ washed ~with 30'ml of ‘cold 052 -galactose
medium three -times, . The tissue ‘samples were dried,; reweighed, and
- radioactivity  was ‘measured in"a - liquid -scintillation  spectrometer
(Beckman/L$233). - Each. point represents: the average - of ‘three deter-

minations, , : TN
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galactose uptake was about the same in both normal and tumor meristematic
cells (184 and 200cpm/mg of normal and tumor meristematic tissues,
respectively after 8 days) although total callus tissue of tumors has a higher
specific radioactivity than total callus tissue of normal cells (37 cpm/mg and
18 cpm/mg, respectively) due to its faster growth rate.

Our demonstration of the efficient utilization of galactose by normal plant
cells for growth, raises the point of whether genetic transformations recently
reported with tomato and sycamore cultures are due to: (a) the expression
of bacterial genes in plant cells, (b) fortuitous tissue cloning brought about
by positive selection procedures, or (c) expression of an adaptive gene in
plants analogous to newly generated enzymes such as a secondary B-galacto-
sidase in bacteria {Campbell ef al.,, 1973). In the case of fortuitous cloning,
the example of crown gall can be used. Crown gall callus cultures can grow
efficiently on lactose (Hildebrandt and Riker, 1949) and such cultures were
shown here to grow faster than normal cells on galactose. Galactosidases
have been recently shown to occur in plants (Agrawal and Bahl, 1968). Tumor
cells are known to be more permeable than normal cells {Wood and Braun,
1965). Thus the somewhat higher levels of permeability of tumor cells to
galactose may be the reason for elevated growth rates and utilization of an
uncommon carbon source. Likewise, an adaptive gene for galactose utilization
could give the same result as transformed cells. Hence the possibility clearly
exists that some of the genetic transformation experiments reported in various
laboratories using cell cultures different from each other may be due to clonal
selection of cells with either higher permeability or adaptive genes since such
experiments entail positive selection procedures.
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